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ABSTRACT

Aim: The effect of soil chemical properties on mulberry disease prevalence was studied using recommended and popular S1 mulberry variety (Morus alba L.) under the three districts of West Bengal. A total of five mulberry diseases viz., Myrothecium leaf spot, Bacterial leaf spot, Pseudocercospora leaf spot, powdery mildew and leaf rust were considered due to their maximum prevalence in West Bengal’s climatic conditions. 	Comment by Vikram Appanna: Follow proper journal format in writing the abstract
Study Design: A total of 75 soil sampling were done comprising 25 farmers of three districts, viz., Birbhum, Malda and Murshidabad. 
Methodology: PDI score recorded as per the (H–B) scale cited in the reference. Correlation, regression were analysed using SPSS software.  
Results: It was observed that all the six soil edaphic factors were negatively correlated with mulberry disease development. It is found that if the level of soil pH, electrical conductivity (EC), organic carbon (OC), nitrogen, phosphorus and potassium increase up to an optimum level, the disease severity reduced. The highest and lowest PDI (Percent Disease Index) were recorded in Birbhum of Bacterial leaf spot and in Murshidabad of Leaf rust, respectively among all the disease tested. Overall, the highest predicted mulberry disease against soil edaphic factors were found of Myrothecium leaf spot in Birbhum (0.484) followed by lowest of Powdery mildew in Murshidabad (0.191). District wise variations in disease prevalence occurred due to the diverse soil fertility status under the 75 mulberry fields tested in this study. In Birbhum district, Myrothecium leaf spot was found as highest prevalent mulberry disease followed by lowest Pseudocercospora leaf spot. In Malda district, Powdery mildew was found as highest prevalent mulberry disease followed by lowest Leaf rust whereas, in Murshidabad district, Pseudocercospora leaf spot was found as highest prevalent mulberry disease followed by lowest Powdery mildew. 
Conclusion: Disease prevalence and PDI in mulberry are both directly and indirectly impacted by soil edaphic factors. Reducing disease incidence, enhancing plant resilience, and maintaining sericulture yield all depend on maintaining ideal soil conditions.
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1. INTRODUCTION 

One of India's oldest agricultural sectors, sericulture has roots in the early Christian period (Nath et al., 2024) where mulberry cultivation iwas an essential part for silkworm rearing. Mulberry is a deciduous perennial shrub with deep roots that grows quickly. It belongs to the Moraceae family and is well-known for its high biomass yield and adaptability (Nath et al., 2025a; Nath et al., 2025b). The monophagous silkworm Bombyx mori L. solely eats Morus indica L., which is often known as "Kalpavriksha" due to its many uses (Dutta et al., 2025; Nath et al., 2025c). In addition to water content, the mulberry leaf supplies vital nutrients such as proteins, carbohydrates, lipids, vitamins, and minerals that are necessary for the growth of silkworm larvae for cocoon formation, followed by the production of mulberry silk. 

Mulberries are known for their adaptability to a wide range of agro climatic conditions, but their commercial cultivation is increasingly threatened by decreasing soil fertility, growing input costs, and environmental degradation from overuse of chemical fertilizers (Baqual & Das, 2006; Baciu et al., 2023).Traditional reliance on artificial fertilizers containing phosphorus (P) and nitrogen (N) has been connected to microbial imbalance, water contamination, and declining soil health (Devi & Sakthivel, 2018; Nazar et al., 2019). In sericulture, soil health of mulberry growing fields plays an important role in obtaining appropriate yield and sustainable growth. Total area under mulberry cultivation in West Bengal is estimated to be 15,734 ha (CSB, 2020). Sericulture farmers generally undertake silkworm rearing 4 to 5 times a year in West Bengal (Bose et al., 2010). As a result, frequent removal of assimilatory appendages (4-5 times/year) occurs in mulberry plants. However, systematic assessment of fertility status of mulberry growing soils in West Bengal is meagre (Samanta et al., 2002). If the field is not compensated adequately for the depleted nutrients by adding chemical fertilizers, the soil nutrient status would deteriorate and resultant leaf yields might not be optimal (Bennet et al., 1993). Hence, it is quite essential to analyse the field soil condition (i.e. pH and EC) and its nutrient status (i.e. organic carbon; available nitrogen, phosphorous, potassium, sulphur, zinc, boron, iron, manganese and copper) for judicious application of fertilizers based on soil test recommended doses (Kar et al., 2018; Sudhakar et al., 2018). The silkworm's main food source, mulberry (Morus spp.), is extremely sensitive to the chemical conditions of the soil, which are crucial in determining plant health and disease occurrence. Root development, nutrient uptake, and microbial activity in the rhizosphere are all influenced by the chemical characteristics of the soil, including pH, salinity, organic matter concentration, and nutrient availability (Datta, 2011; Damodhara et al., 2024). Diseases like root rot, leaf spot, and blight are more common when these characteristics are out of balance because they weaken mulberry plants and provide an environment that is conducive to soil-borne and foliar pathogens (Ranadive et al., 2011; Saratha et al., 2021). Sustainable mulberry farming and efficient disease control needs on an understanding of the connection between soil chemistry and disease prevalence.

The Percent Disease Index (PDI), which offers a numerical indicator of disease intensity within a crop, is frequently used to evaluate the effects of diseases on mulberries. Both the mulberry plant's potential for resistance and the survival, growth, and dissemination of pathogenic microbes are influenced by soil edaphic variables. Mulberry plants are more vulnerable to fungal, bacterial, and viral diseasesllnesses due to unfavourable soil conditions like inadequate drainage, nutritional imbalance, and extreme pH levels, which raise PDI values. Developing successful soil and disease management methods requires an understanding of the connection between mulberry disease PDI and soil edaphic variables. In order to ensure sustainable mulberry cultivation and increased sericulture yield, proper soil management can enhance plant health, inhibit pathogen activity, and eventually lower disease incidence (Chattopadhyay, 2011). However, in this study, we have tested soil chemical properties of some districts of West Bengal and relevant disease prevalence of mulberry (S1 variety) plants with PDI score.  

2. MATERIAL AND METHODS 

2.1 Locale of study area

The survey based experiment was conducted in three districts of West Bengal viz., Birbhum, Malda and Murshidabad (Fig.1) where sericulture is popular and mulberry cultivation is common agricultural practice throughout the year. In general, the said districts are fall under irrigated lateritic and Gangetic alluvium soil conditions.
 





















Fig.1. : District map of West Bengal where the study is conducted.

2.2 Sampling

A total of 75 soil samples comprising 25 farmers of each district viz., Malda, Murshidabad and Birbhum of West Bengal were collected at 0-30 cm depths from each location. The sampling was done just after the pruning of mulberry plants during the month of January – February. The soil chemical properties likeof pH, EC, OC, N, P, and K were tested as per the standard laboratory protocols. 

2.3 Calculation of PDI (Percent Disease Index) 

By adding up each plant/leaf rating and standardizing by the total number of plants/leaves and the highest possible score, the PDI (Percent Disease Index) wais measured the severity of five diseases of mulberry [Horsfall–Barratt (H–B) scale 1945]. The following formula was used to calculate PDIas follows;	Comment by Vikram Appanna: Rephrase the sentence, not very clear

PDI (%) = [Sum of (Rating Score × Number of affected parts)] / [Total number of parts examined × Maximum possible score] × 100.

2.4 Statistical analysis

Coefficient of correlation (r) and regression (R2) analysis iwas done using SPSS software to understand and identify the degree of relationship in between the five mulberry diseases against a total of six soil edaphic factors. 

3. RESULTS AND DISCUSSION

3.1 Disease severity level of mulberry against soil edaphic factors

To determine a relationship between diseases severity levels of five mulberry five diseases and soil edaphic factors, data were collected from the mulberry cultivated areas where important soil edaphic characters like soil pH, electrical conductivity, organic carbon, nitrogen, phosphorus and potassium were known. The data pertaining to different diseases are presented in Table 1 & Fig.2. 

It was evident from the table that five diseases i.e. Myrothecium leaf spot, bacterial leaf spot, Pseudocercospora leaf spot, powdery mildew and leaf rust were very much prevalent in West Bengal. Among the diseases, powdery mildew and leaf rust were not common in Birbhum district. Bacterial leaf spot was very prominent disease in Birbhum district and a range of 7.25 to 12.35 % and average 11.82 % PDI (Percent Disease Index) was observed followed by average 8.94 and 2.88 % PDI in Murshidabad and Malda districts, respectively. Myrothecium leaf spot was quite common in three districts and an average PDI of 5.56, 4.70 and 4.60 % were recorded in Malda, Murshidabad and Birbhum districts, respectively. The severity level of Pseudocercospora leaf spot varied between the districts. It was found in the range of 6.25 to 13.24 % with average of 7.20 % PDI in Murshidabad district and minimum 1.02 to 3.24% with average 2.30 % in Malda district. The range of powdery mildew and leaf rust were found to be 1.14 to 6.25 % and 1.00 to 3.24 % PDI respectively in Murshidabad and 1.0 to 4.26 % and 1.24 to 5.1 % PDI respectively in Malda district.


Table 1. Disease severity level as PDI of five mulberry diseases in this study.

	Districts
	Myrothecium
leaf spot
	Pseudocercospora leaf spot
	Bacterial
leaf spot
	Powdery mildew
	Leaf Rust

	
	Range
	Avg.
	Range
	Avg.
	Range
	Avg.
	Range
	Avg.
	Range
	Avg.

	Birbhum
	1.25-9.35
	4.60
	4.15-9.25
	6.97
	7.25-12.35
	11.82
	0.00
	0.00
	0.00
	0.00

	Malda
	3.15-11.25
	5.56
	1.02-10.34
	2.30
	1.02-3.24
	2.88
	1.0-4.26
	2.81
	1.14-5.11
	3.52

	Murshidabad
	3.48-6.44
	4.70
	5.14-9.35
	7.20
	6.25-13.24
	8.94
	1.14-6.25
	3.14
	1.00-3.24
	1.99




Fig 2.: Disease severity levels of different mulberry diseases of West Bengal.

3.2 Relationship between soil edaphic factors and mulberry diseases

The relationship between soil edaphic factors and mulberry diseases were carried out for three districts separately against all five major diseases and their respective correlation coefficients are represented in Table 2. In results, most of the soil edaphic factors were found to be negatively correlated with mulberry disease development. It wais observed that if the level of soil pH, electrical conductivity (EC), organic carbon (OC), nitrogen, phosphorus and potassium increased up to an optimum level, the disease severity was reduced. However, in some cases specially with nitrogen level at Birbhum district most of the disease was positively correlated i.e., 0.463, 0.663, and 0.053 against Myrothecium leaf spot, Pseudocercospora leaf spot and bacterial leaf spot respectively. Similarly, in case of electrical conductivity a positive relationship was obtained against many diseases in different districts i.e., 0.165 against Myrothecium leaf spot, 0.019 with Pseudocercospora leaf spot, 0.228 with bacterial leaf spot in Birbhum district; 0.213 with bacterial leaf spot and 0.442 with leaf rust in Malda district which indicates ing that the improper electrical conductivity in soils which helped in disease progress. Nitrogen level of soil determines the vegetative growth of plants and a significant negative relation (-0.734, -0.722 and -0.685) was existed among nitrogen level and bacterial leaf spot among the districts. Role of phosphorus and potassium were related with uptake of nutrients, plant vigour and resistance which decreased the pest and disease problems. The relationship between potassium content in soil and disease severity was found to be significant with bacterial leaf spot among all the districts (-0.755, -0.812 and 0.798). 	Comment by Vikram Appanna: Rephrase the sentence

Table 2. Correlation coefficient (r) values between soil edaphic factors and severity of mulberry disease in Birbhum, Murshidabad and Malda districts of West Bengal.

	Districts
	Myrothecium leaf spot 

	
	pH
	EC
	Organic carbon
	Nitrogen
	Phosphorus
	Potassium

	Birbhum
	-0.002
	0.165
	-0.286
	0.463
	0.375
	-0.422

	Malda
	-0.081
	-0.050
	-0.142
	-0.662*
	0.179
	-0.101

	Murshidabad
	-0.279
	-0.222
	-0.195
	-0.535*
	0.073
	0.073

	
	Pseudocercospora leaf spot

	Birbhum
	-0.177
	0.019
	-0.212
	0.663
	0.187
	0.011

	Malda
	0.460
	-0.176
	0.043
	-0.434
	-0.362
	-0.039

	Murshidabad
	-0.210
	-0.148
	-0.052
	-0.352
	0.075
	-0.254

	
	Bacterial leaf spot

	Birbhum
	-0.387
	0.228
	-0.734*
	0.053
	0.269
	-0.755*

	Malda
	-0.163
	0.213
	-0.722*
	-0.191
	-0.188
	-0.812**

	Murshidabad
	-0.095
	-0.172
	-0.685*
	-0.265
	0.055
	-0.798**

	
	Powdery mildew

	Birbhum
	
	
	
	
	
	

	Malda
	-0.598
	-0.138
	0.115
	-0.226
	-0.236
	-0.319

	Murshidabad
	-0.010
	-0.110
	-0.188
	-0.264
	-0.253
	0.126

	
	Leaf Rust

	Birbhum
	
	
	
	
	
	

	Malda
	0.164
	0.442
	0.197
	0.171
	0.401
	0.183

	Murshidabad
	0.434
	0.396
	0.079
	0.346
	-0.555
	0.336


*Significance at 1% level; **Significance at 5% level

3.3 Regression and predicted disease severity 

The combined effects of all soil edaphic factors and disease severity were determined further through multiple regression analysis (Table 3). It wais observed that all soil edaphic factors were jointly correlated by positive means and their relationship was re found to be non-significant. The highest regression was ere obtained in Myrothecium leaf spot i.e., 0.308 to 0.484 which indicateds up to 48.4 % contribution of the edaphic factors. Similarly, R values were 0.265 to 0.389 against bacterial leaf spot expressed maximum of 38.9% contribution of all factors. Leaf rust of mulberry was found to be less associated with soil edaphic factors (27.8 %). Overall, the highest predicted mulberry disease against soil edaphic factors was ere found of Myrothecium leaf spot in Birbhum (0.484) followed by lowest of Powdery mildew in Murshidabad (0.191). 	Comment by Vikram Appanna: Rephrase the sentence


Table 3. Stepwise multiple regression equations for prediction of mulberry disease severity in Birbhum, Murshidabad and Malda districts of West Bengal.

	Myrothecium leaf spot

	District 
	Stepwise prediction equations
	R2

	Birbhum
	Y=16.479 -2.041X1+5.241X2-0.575X3+ 0.008X4+ 0.020X5+ 0.000X6
	0.484

	Malda
	Y=3.418 +1.087X1 +0.632X2 -0.396X3 -0.011X4 +0.031X5-0.003X6
	0.301

	Murshidabad
	Y=15.099 -1.608X1 -1.183X2 -0.241X3 +0.003X4+ 0.005X5+ 0.002X6
	0.308

	
	Pseudocercospora leaf spot
	

	Birbhum
	Y=0.688+1.004X1+0.002X2-0.092X3-0.005X4+ 0.015X5+ 0.001X6
	0.203

	Malda
	Y=20.914-2.3664X1+0.231X2+0.172X3-0.007X4+ 0.047X5+ 0.002X6
	0.405

	Murshidabad
	Y=15.502-1.436X1+1.602X2+0.092X3+0.006X4-0.001X5-0.001X6
	0.367

	
	Bacterial leaf spot
	

	Birbhum
	Y=-12.493+3.206X1+2.332X2+0.528X3-0.001X4+0.056X5-0.006X6
	0.389

	Malda
	Y=4.925-0.356X1+0.810X2+0.151X3-0.001X4-0.007X5-0.000X6
	0.317

	Murshidabad
	Y=14.995-0.901X1-1.083X2-0.274X3+0.006X4+0.008X5-0.001X6
	0.265

	
	Powdery mildew
	

	Birbhum
	-
	

	Malda
	Y=13.191-1.655X1-0.957X2+ 0.201X3+ 0.001X4+ 0.004X5+ 0.000X6
	0.482

	Murshidabad
	Y=0.418+0.352X1-1.087X2+0.181X3-0.004X4+ 0.008X5+ 0.000X6
	0.191

	
	Leaf Rust
	

	Birbhum
	-
	

	Malda
	Y=3.352-0.545X1+2.515X2+0.119X3+ 0.003X4+0.026X5+ 0.000X6
	0.278

	Murshidabad
	Y=-0.091+0.083X1+0.899X2-0.062X3+ 0.002X4+ 0.005X5+ 0.001X6
	0.278



X1=pH, X2=EC, X3=OC, X4=N, X5=P, X6=K

3.4 Location wise disease prevalence
	
Among all the five tested mulberry diseases against six soil edaphic factors under the three districts were recorded and analysed. In Birbhum district, Myrothecium leaf spot was found as to be highly est prevalent mulberry disease while it was followed by lowest for Pseudocercospora leaf spot. No such significant prevalent records were found ofor Powdery mildew and Leaf rust diseases in Birbhum district. On the other case Iin case of Malda district, Powdery mildew was found be as highly est prevalent mulberry disease while followed byit was  lowest for Leaf rust. In Murshidabad district, Pseudocercospora leaf spot was found as highest prevalent mulberry disease followed bywhile it was lowest for Powdery mildew. The Ddistrict wise variations in disease prevalence was noted occurred due to the diverse soil fertility status inunder the 75 mulberry fields tested in this study.  	Comment by Vikram Appanna: Not proper, rephrase the sentence

However, the silkworm (Bombyx mori) only eats mulberries (Morus spp.), and the health of these plants directly affects the generation of cocoons and silk. Soil edaphic variables are important in determining plant vigor and disease susceptibility, among other factors influencing mulberry productivity. The Percent Disease Index (PDI), which shows the degree of disease incidence and intensity in a crop, is frequently used to measure the severity of mulberry diseases (Chattopadhyay & Sarkar, 2012). Mulberry growth and disease development are greatly influenced by edaphic variables, including soil texture, pH, moisture, nutrient availability, organic matter, and microbial activity. Root rot and wilt diseases are more common in soils with poor drainage and high moisture content, which encourages the growth of soil-borne pathogens such Fusarium, Rhizoctonia, and Macrophomina. These things actually is raises the PDI. On the other hand, pathogen survival and disease severity are decreased in well-drained loamy soils with sufficient aeration.

Pathogen activity and nutrient availability are also impacted by soil pH. For mulberry production, slightly acidic to neutral soils (pH 6.2–6.8) are thought to be ideal. Higher PDI readings can arise from deviations from this range, which can stress the plant and make it more vulnerable to foliar diseases like powdery mildew and leaf spot. Plant defense mechanisms are also weakened and disease susceptibility is increased by nutritional imbalances, especially deficits in nitrogen, potassium, and micronutrients (CSB, 2018). Beneficial microorganisms that oppose and compete with pathogenic fungus are supported by healthy soils that are high in organic matter. Mulberry fields with balanced fertilization and a greater organic carbon content have been found to have reduced disease PDI. On the other hand, persistent monocropping and overuse of chemical fertilizers deteriorate soil health and raise the risk of diseasesllness.

Therefore, soil edaphic conditions are intimately related to the PDI of mulberry diseases. Mulberry productivity can be increased and disease PDI can be considerably decreased with better soil management techniques such crop rotation, balanced fertilization, organic additions, and appropriate irrigation.

4. CONCLUSION

[bookmark: _GoBack]During mulberry cultivation, disease development and PDI awere both directly and indirectly impacted by soil edaphic factors as per this study conducted. It can behas been concluded that the mulberry foliar yield can be increased by reducing disease incidence, enhancing plant resilience, and all these things depend on the maintenance of ideal soil conditions which can be established by following the recommended package and practices. 
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Birbhum	Myrothecium leaf spot	Pseudocercospora leaf spot	Bacterial leaf spot	Powdery mildew	Leaf Rust	4.5999999999999996	6.97	11.82	0	0	Malda	Myrothecium leaf spot	Pseudocercospora leaf spot	Bacterial leaf spot	Powdery mildew	Leaf Rust	5.56	2.2999999999999998	2.88	2.81	3.52	Murshidabad	Myrothecium leaf spot	Pseudocercospora leaf spot	Bacterial leaf spot	Powdery mildew	Leaf Rust	4.7	7.2	8.94	3.14	1.99	
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